(capacity 28 ml), which had a hole drilled in the metal cap to facilitate gas sampling. The caps and rubber liners were sterilized with 70 "/o alcohol to avoid ethylene release from the rubber which occurred on autoclaving. After 4 h a gas sample ( I ml) was taken and analysed by g.1.c. as described previously (Lynch & Harper, 1974) .
R E S U L T S A N D D I S C U S S I O N
Tlie extracellular prrparatioti .from Mucor hic.malis During the death phase of M. hietnalis cultures a peak in ethylene production is usually observed (Lynch & Harper, 1974) . Ethylene production might be due to the release of extracellular enzymes acting on methionine. When growing sealed flask cultures were filtered and the sterile extracellular preparation re-incubated, the rate of ethylene production was about 60 times greater than that from the growing sealed flask preparation; in chemostat cultures, the extracellular preparation produced about IOO times less than that of growing cultiires (Table I ) . In the former circumstances it seemed possible that ethylene formed in growing flask cultures was metabolized, but that there was less ethylene metabolism in the extracellular preparation. This possibility was discounted by showing that when uniformly labelled [14C]ethylene was applied to growing flask cultures, it became distributed between the gas and liquid phases and not metabolized. Another explaiiation is that a volatile inhibitor of ethylene production was produced, which accumulated in the sealed flask but was removed by the continuous gas flow in the chemostat. When ethylene prodiiction from the extracellular preparation ceased, more ethylene was produced when the bottles were re-gassed with air, but at a slower rate. When the preparation was gassed with CO.,, ethyleiie (6 p.p.m. in air, a concentration often found in flask cultures) or nitrogen, the rate of ethylene production was the same as that in air. Thus the inhibition could not have been caused by carbon dioxide, ethylene itself or lack of oxygen.
The fresh growth medium produced 110 ethylene so the organism must release an enzyme or chemical intermediate i n the medium which leads to ethylene formation. By treating the preparation with various agents which inhibit enzyme activity (Table 2) it was shown that the latter was the more likely. A stimulation in ethylene production by Fe"' in the extracellular preparation was observed, but 1 here was an even greater stimulation by Fez+ ; there was an inhibition with Cu2 1-and Mn2 ! (Table 2) . Acid stimulated the process, whereas it was inhibited by alkali. After adjusting the preparation to alkaline pH before making it acid, an even greater stimulation was observed than when it was adjusted to acid pH directly. This might be explained by the drop in pH causing more Fe3+ to become dissociated from the citrate complex. On raising the pH there might also have been dissociation to give precipitation as the hydroxide. When the alkaline solution was acidified, more Fez--'-was probably available. Hence the breakdown of the intermediate in the extracellular preparation might be Fe-dependent and not pH-dependent. Possible intermediates in ethylene formation are methional and K MBA. When the extracellular preparation was treated with reagents which would inactivate methionine (ninhydrin), methional (semicarbazide) and KMBA (2,4-dinitro-phenylhydrazine), ethylene formation was inhibited ( Table 2) .
The atnitio-acid oxiduse system In the pathway proposed by Mapson et a/. (1969) ~ which involves the conversion of methionine to the keto acid by a transaminase, the possibility that the step could be achieved ill ~i i i~~ by amino acid oxidase was rejected because there was no increased oxygen uptake when methionine was added to an ethylene-producing mitochondria1 system. However in living M . hiemalis it appears that amino acids could be catabolized by a transaminase or an amino acid oxidase; in the yeast Trigonopsis variabilis, it has been shown that amino acid oxidase functions aerobically on D-methionine whilst transaminase functions anaerobically on L-methionine (SentheShanmuganathan & Nickerson, 1962) . When D-amino acid oxidase from hog kidney (I mg/ml) was added to the sterile medium used in the growth of M . /iit>tz?ulis, ethylene was formed from D-methionhe at 0.5 nmol/ml/h. The enzyme requires oxygen, and shaking the bottles to increase oxygen transfer doubled the rate of ethylene production; however, when the atmosphere in the bottle was replaced with nitrogen, ethylene production was only halved.
If the enzyme action is not significant, the flavin coenzyme (flavin adenine dinucleotide, FAD) which produces ethylene in the presence of light might be (Yang et a/. 1967) . When light was completely excluded from the amino-acid oxidase system, there was a 94 inhibition of ethylene formation. Illumination from above the bottle caps at 15000 lux resulted in a 33-fold stimulation.
T/?e fluvin/light system
When amino acid oxidase was replaced by FMN at concentrations between 0.1 and 10 mglml, ethylene was formed onIy in the light and was dependent on the concentration of FMN. It was also found that methional was a better substrate than methionine itself ( x 6) but N-acetylmethionine was less efficient ( x 0.4). However, these effects are pHdependent (Ku & Leopold, 1970) . It should be noted that N-acetylmethionine and methional in the medium form ethylene in the absence of flavin, albeit at a slower rate, in the presence (approx. 5 %) or absence (approx. 2 z) of light. Amino acid oxidase has 2 mol FAD/mol enzyme; thus the effective FAD concentration in the amino acid oxidase system was 0.2 mg/io ml. At this concentration it gives ethylene from methionhe at 0.5 nmol/ml/h, whereas the FMN/light system at 0.2 mg FMN/Io ml gives ethylene at 5-0 nmol/ml/h. However, it has been shown that FAD gives rise to ethylene at about 5 :L of the rate of FMN (Yang er al. 1967) . Thus it appears that the efficiency of ethylene production per mole of flavin by the two systems is of the same order of magnitude. The results obtained would be consistent with the FAD of an amino acid oxidase in M . liienialis reacting with light to form ethylene from methionine. We have observed that light promotes ethylene production in growing flask cultures (J. M. Lynch and S. H. T. Harper, unpublished observations), but the reported experiments on ethylene production by M . hiemalis (Lynch & Harper, 1974) are for dark-grown cultures. Thus even if the FAD/light system operates in M . hiemalis, an additional system must operate.
A consequence of the process of extracellular ethylene formation by M . Iiiemalis in the soil is that the intermediate could be formed by the organism at one site, possibly near the soil surface where there is more substrate and light, and then be transported by rainfall to a site remote from the organism, where it breaks down to ethylene.
Technical assistance by Miss J. M. Webb is greatly appreciated.
